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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide ferromagnetic group 
III— V compounds in which ferromagnetism can be obtained by 
using the group III— V compounds (GaAs, InAs, GaP, InP) 
transmitting light, and a method for controlling the 
ferromagnetic properties of the ferromagnetic group IH-V 
compounds. 

SOLUTION: At least one kind of transition metal selected 
from the group consisting of V and Cr substitutes for the 
group III elements in the group III— V compounds to form mixed 
crystals. Then, the ferromagnetic properties thereof are 
controlled by the addition of antiferromagnetic transition 
metals such as Ti, Mn, Fe, Co, Ni, Cu, Rh, Ru or the like, the 
addition of dopants, and the control of the concentration of 
the transition metals. 
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[#ffff!#©$Sffl] 

[ffi#3S 1 ] GaAs, InAs, InP, £fcliGaP<£ 9 KZ&fr 
bmtftlZ I I I -V&mte^lcHo^T, V*fcliCri 

0 4*»*»5>atfixa'>/«c< t t> i n<Dm&&m& 1 1 

[ft*^2] ^felCl, Ti, Mn, Fe, Co, Ni, Cu, Rh, 

*JS 1 IE*©»«tt I I I-V8eJRfls£«. 

3 ] nS K-/<V h * fcttpffl K-/<^ h ©'> 

fS#JJU *fctt2K*W>»«ttI I I-V«5Rft^ 0 
[M*3S4 ] GaAs, InAs, InP, *5tliGaPi "9 ifc5»i> 
P>»liix5 I I i-vi3Wt**t, (i)v*fci±CrJ:5 
*S«d»f>aiiix5'>/j:< i t i«©*»&*5e*(2) 
milS (1) 0>»gte*7C*» *J«tUTi, Mn, Fe, Co, N 
i, Cu, Rh, *fcliRuJ:9/jJ*»^f,»ff*L5^4< 
l»D-t©flIl©»£&*7C*, *fcfi(3) buIE(I)* 
fcf4(2)«>a^JR5c*i:» nSK-/<y b*fcttpS!K 
~s<> h<D'J?t£< b b-Ji, OWf jl£>*IHlPU huIE 
(1) , (2) , (3) »S*ro^PjggC0SIS 

[ff#JS5 ] GaAs, InAs, InP, SfcfiGaPi 9 fciifcj* 
ibillfftS I I I -VS^ft^felC, (l)V^fc«CrJ;i9 

HUlE (1) roS^JSpclg, *3«tTJ«Ti, Mn, Fe, Co, N 
i, Cu, Rh, ^TzitRuX <9 fc3#*»P>atf*l5^fc< b h 

tti i i-vl^fewiitt»ttwii*ffi 0 

[ft*56] HuIE(2)(7)^^Jl7n^^iif B $-y:, 3£ 
»ttfl53i^^^-tt«*H«Ei-S b b <bK, tt&Ax* 

1 # «t >J #A $ tlfc * - * * tz itn,* \z «t -5 Sft^ * 

fctt5fa««>SME#ifc 0 

•far tic J: 9, &8£tt#S£2c£fl:£tf5 
[§i^S8] S5IE(2)roS^JS?c^SrjSS$-a:. ft 



(2) 2002-255695 

2 

m 4 * tzit 5 Ett0>M£:#&; o 
[aWoB&MfclWn 
[0 0 0 1 ] 
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i i-v«i5Rft:^4*iJ8±tm{k-&*©!li«tt«pttoilSE 
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[ooo3] ii i-vte%{k&m*, m&frb%n><o 

hftx ev««S:fiJffl Lfcft*^ 

[0 0 0 4] Lt5^L, I I I -VW^T^it'a^OiZU 

^) ^ioo° K@££{g<, |t^a-y-Mtoi I 

[0 0 0 5] 

[*MdS»*U± 9 t-r-SSUS] Htf^roi?!-, I I I 
30 I I I-V^ft^^P>/j:5^flJU-1f/«ci:*ro|&3t 

[0 0 0 6] £<b[^ Bdi£©J:5<c3t«:!SWU 

^JKttte^MS (*a!I-fi«) **©J9*ricJ: 

40 (fti-5j6&S^*>6. 

[0 0 0 7]*|g^tt, Z.©±5<C««IC«*T4$*T, 
fctO-C, *fe«»e>iS*^©3tSraiS-f5 I I I-VR 
5fiflS***fflv^-C, ^BItt^#P>^5^ttI I I-V 

[0 0 0 8] *^W©fdl©gWtt, I I-V& 

%<t&v>>z<m-f?>\cibtz«). m*-\5, mmm&mt 
t£b'<D, %<nmmw$LZffi&tz>z.b&x-% z*m& 

I I i-vK»fls^«»»«tt»ttSrSH»'t5*ft*« 
50 [0 0 0 9] 
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jM.ftft-<D?/t&mj&-t-5tt'&k LXfticMLtz I I I-V 

*«ifttftWSrfifafciB* % V, Cr, Mn, Fe, Co, Ni, Cu, 
Rh, SfcfiRu&t'Wg^&JgTcIlhj:, Ga-^InO^^V 
¥@i:j£<, Ga^In<D25at%g&J£A±£g#&;i (&£ 
As**) Xh+Mcm&MiimbiiZZk, Mn* I I I 

i^SIi:, Mn J; 9 dWrFfc'Pfc < ft £>Cr, V ft if I 10 
I I-V&^fc£WdjI l S$-frSr.i:ld«fc9, iSi»£ldM 

EtliU V, Crte b°<Dm&&my£m$: I I I-VlfeMbg- 

5 *:»fe*)£ Lfea*<OMn K-^tt J: 5 1 0 ± 0 ft 

[ooio] ^l-c, fcfc#*tM*«rS 
v, cr, ikit£¥<Dm&&m7tmi*. m?*t° 

>-s = l, 3/2, 2&t>oiij*fc'V:Kf®i:ft9, rtl 20 
[0 0 11] aft&JR5E*«)»SS:*<kUfc 

9, rne>©2«siei±«)ia-g'-er^ -eoid^^xfc 

}jnLfc9-f5r.i:ldJ;>?, 5Mtttt(Eftffl«*BrsEL»S 

am Lfc 0 

[0 0 12] SBBitt I I I -vflsJR^ft 

14, I I I -VfijJ&fl^ttl-fc^T, V* fc !4Cr <fc 9 ft* 

Wd»f>»tfJx*'>/j:< b biU<Dm&&m& 1 1 1K% 

[0 0 13] I I I-VK^^^ltll, Ga£ 

fcliin&StffcJfcfl^fcifcliy Wt^, *^JtU 40 

TI4, GaAs, InAs, GaP, InPT*£>5 0 

[0 0 14] icliSKtsrtKJ:!), mi^<z>S^ 
JK7ciltl4Ga J Hnfti:*cD I I I feTcBb'f ^iNS^iS 
< , Ga^In<D25at%gig^±£ffl&LTt>ME$&&SfS 

[0 0 15] HfjfSW^^®^, fciOTi, Mn, Fe, 
Co, Ni, Cu, Rh, HtzitRuXV teZmfrbMtftlZ'Pte 
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[0 0 16] nlK- y<> ht.tzitpW.V- '<^Y<D'ptl 
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5»d»b»tfixS i 1 1 -vm%ik&®>\^ (l)V£fcf4 
Cri 9 ft5S¥a»e>Stf*L5'>ft< £ t lSroSft&jRTc 
*(2) Htrffi (1) ©S^JStE^, *i«ttHi, Mn, Fe, 
Co, Ni, Cu, Rh, £/t«iRu± 9ft5«^<b]ltfn5'>ft 

< £ 1 1 n<D*<Dm<Dm&&m7cm. s^tto) buie 

( 1 ) * fctt ( 2 ) £>3&&«l7cX £ , nl! k-^ > h * tz 
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Itft'&BtffeS I I I -VK^fb-g"*^, (l)V*fc»4Cr 
4 9 ftS»/6^SfftLS'>ft< 1 1> 1 fficD^^JgS^ 

(2) fltTlE (1) <DM®&m7tm. tSXmi, Mn, Fe, C 
o, Ni, Cu, Rh,*fcf4Rui9ft5PA^jl«ix5'>ft< 

J: W/*fef4»»tt*^iait S w £ ZW&b-t 

[0 0 19] 9WB(2)lc5UES*i/S4k*5c*S:iR 

g # lc i 9 $ * -/u * ft itmi- Id «t 5 Sib 
Id J: o X±^*/is*r- *(ST $ -Br5 r. b K. <t 

[0 0 2 0] $.tz, WE(2){d?IJ8ES*U5&W3c**ra 
fi$-Br» S^JS7nfg@#ldii9^A$tufc*-/u*^ 

5r btfXZZo 

[0 0 2 1] ^^Id, HtflE(2)ld?iJ|E$ix5^Ji5c^Sr 
Sf B $*, »£&*S#a#ld < fc9*A3ixfc*--/i'* 

3t©Sia^ttSrf&Jffll-t-5r < l:ld e t9> MSro^^^yu^ 
4#tt*^-r53i^ttl I I-v«5Rft*«i-*-*wtds 

[0 0 2 2] 

immonmnwtm] jsfcid, ia®sr#KLft^p>^igK 
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fift6'>/,c< £ 1 1 ffiwg^Jl^ i i i 
[0 0 2 3] huSEoJ: *3£9!#ibte, I I I -V 

[0 0 2 4] 02 GaAs«DGafCj!tL 
T, 5, 10, 15, 20, 2Sat%<DmX~hZAK »fitW£-£ 

ttiBit/^l^ttSr^-r?)' lat%a»P>100at 
%, »*U<l±5at%~25at%-efctbtf, *4)-fttt8ttt 

20 

[0025] :©±3 4a»A*7c*«:^i-SGaAsft 
^*©»BESr»«K-rSfc»^tt, «*.tfs BlCWSr 

ffll^T, 1.33X10^ Pa^lJgWi@i^J^££;N£^$T*t35 L ^' 
V/^-l^*3<Z>^1g*,'^y-4^,I, GaAste^SrJ&ft-f 

7 ic ± 9 sir 5 zmmxz z x 5 icfco-ci^a. 

[0 0 2 6] -t LT, SSfrA^-^ftftSixaiaS 

ttW (y-^«) Ga^Aftfc-ir/l^a, V, Crt£H<0W» 30 
^JRTC^SrA^ir/i' ( 1 IB LriM^ft-ti^&i^, 2 

2b, nM K— hWSn&Aftfc-fe^c, nlK-^'y 

[0 0 2 7] @fr (IjiftO 4rAtv5ir/U2a~2e 

li, ^timtcJpii^B (H*S*i"CV*fcv*) tmifb 40 

[0 0 2 8] rWGa, In, SfMtMjcXti £tAiS K- 
LTfi, i^S99.99999%(75@flsy-^^Bt 

[0 0 2 9] LT, GaAsfrjftft n® K- 50 
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a?^ hwsn Mikl. 33 xio" 5 PaT\ pM K— ^ 

> ht*fo-5/f:^Zn^6.65X10" 5 PaT\ 0«Jx:«, 
V$fc(iCr»^^^jR5c^ ^1.33X10"* PaT\ |5l 
B#|C, Sfi5±lJl*LJ{C*<e>, 350~750lCT?riWi-*i 
4: l£«fc <3 , V* fcttCrSrfiift $«fcCaAs»R 6 fcjfcfi $ 

t5:Hift5„ w±©UiK-c*ii, nlK-^yh^p 

[0 0 3 0] Z<D£o\CLX, V4fcf±Crfcfift3-£fcG 
aAsjfflgfi, I3 2tc:^$ix^<t V^fcfiCrri*, 

^/U^— irCDHAEtf*, itl^'tl. 1.3X13.6meV, 2.1 
xl3.6meVtA#<, &M£*ij*LT1^S C 

0» #»»AiR«)««tt#tt**LT*j5. F 
e, Co, NittR»»tt^^^^9^i:/j:5. 
[0 03 1] wOWtli, GaAsfb-g*|cW*AR5E*«: 
K— -f^tzM, GaAs»Ga»— gC^InWit'Wfdiro I 
I I&SHirH&LfcGaAs^ffc-a^-efc, Gahstmm?) 

[0 0 3 2] *»W©3iH8ttGaAs»ft-g-*^«J:iXff, Ga 
Sfcfe, Ga 3 * ^S^JRS^(DV 2, ^Cr 2 * &4fiB»$ 

<, 3.00X9.274J/T (3.00f/B (jK— 7BH=-) ) WBSft 

«tt©5ftV^5fi«tt»5*5#btt*. 4*J, 0 6Ji, GaAs 
f©V©« : f-«1||««-C*)9, /^^Jy^ (±|SI 

T^5o 0 7Ji, GaAs«*'OCr«)«-T-ttli*K'C& 

[0 0 3 3] fttc. VSfcttCrroSSSrjEitsrilciJ: 
SKftWttroaefkSrW^fc. Diri£©25atJWil£(D»»£ 
S7C^Sr-^W$-ti:fct.C0<D{t!Hc:^jg7)S5, 10, 15, 20at 
%«tW^f^L, ^^tV»®m*-y V h (X9.24 
7J/T) *3J:tJC&HN£«e&&£ («K) ^H-<fc 0 

hfci^BSttfe^figfiSQUID (superconducti 
ng quantum interference device ; ^'S^S-?-^^^ 

[0 0 3 4] l*J«fcUt* 2 ICS* 3*l,T^ 

5. *i*s«tl/*2^e>» »ftW^i«**<*5 (8£ 
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[0 0 3 8] $ P>(C % **lfl#P>ll, V£fcfiCrO'>& 

< i: t> l 8 i * ©fli©R»«H4o*»&fl7c* £ l S» 

E§fi«tt0)Fe$:iBi&£-e\ VtFe, Cr£Fe£^fc>-ttT25a 
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< £flS$*a r. £ ^T'f , x=0. 12T* 0 jgKi 1-5 r t ^ 
T'#, x=0~0. 12<£»|&ll£ji5£1-5;i i: tc i t) . EtSo 

[0 0 3 9] *fc, CrirFe£l3til£-g-;bitT25at%igffl 
Cro.2s-, FexGao.75 As<75x^rS^ ^{££-£-5 ^ t 

[0 04 0] iuii£<£>&#Jfi, V4fcfiCrCO'>^f< Hi 40 

K-/<^ h SfcfipM K-/^ M4 % GaAs<E>£ag?j?^tiI) 

J: 9, *W!il«tttt!ilSr««:**, 3&S*t!fe 50 
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[0 04 2] 0SJ^(i\ K-/<V hSfcttpffl K-'O' 
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[0043] £©J:5fc, *-/KOWA«cJ:«Jll»tt# 

»»&*7C*tt. 5E*»»tt«r^U R5fi»tt^K'>'^ 

[0 0 4 4] K— h i: LTfi, Sn, Se, S, Tet 

K-J— m&bLX\*. lxio' 8 cm" 3 £H±-e*)S^i:*s» 
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w^«oaifiw-&roi~io%s«icffia-f pik 

[0 0 4 5] Se>lc«**WS:fitafc>S 
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[0049] m^<Dmx'\t. i 1 1 -vm%<k&vo<on 

m&l$mi-Z>%ikbLX, MBE (^fJlactr 
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